A series of fusions of flageilar genes to the lacZ gene was generated by insertion of Mu d11301 (Apr lac) bacteriophage into the genome of Escherichia coli. The j3-galactosidase activity in each resulting mutant was measured, and the location of the activity in the membrane, periplasmic, or cytoplasmic fraction of the cell was determined. There were three classes of mutants: those which had I-galactosidase activity mainly in the membrane fraction, those which had it distributed in the soluble and membrane fractions, and those which had it in the cytoplasmic fraction only. The last, soluble-fraction-only, class was predominant infla-lac gene fusions. In particular, the following mutants were shown to have 1-galactosidase activity in the membrane fractions: on the inner membrane, mutants with JZaB fusions, and on the inner and outer membranes, mutants with faA4850, flaM, and flaU4849 fusions. These results suggest thatfla-lacZ gene fusions produce proteins which are able to detect the signals of the leader sequence and the membrane-anchoring region of the flagellar system.
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The flagellum of Escherichia coli consists of at least three parts: the basal body, the hook, and the filament (6) . In addition, the switch proteins and mot proteins also contribute to the functional flagellar system (14) . Since the basal body is embedded in the cell surface, some of the flagellar proteins (products of the fla genes) must be translocated from the cytoplasm to the cell envelope. It is known that many membrane-associated proteins contain information which serves to indicate their proper cellular location (2, 15, 17) . In the flagellar system, there are at least two mechanisms for the transport of flagellar components to their final destination. The filament protein, flagellin, is transported via an interaction between its intramolecular domain and the flagellar apparatus, as shown by Homma et al. (8) . Homma et al. (9, 10) also were the first to demonstrate a cleavable leader sequence in the flaFVIII and flaFIX genes of Salmonella typhimurium (which correspond to fla Y and flaM in E. coli, respectively). Isolation of gene fusion mutants has been successfully applied to studies on the molecular mechanisms of excretion of membrane-associated proteins in E. coli (2, 15, 17, 19) . To apply this approach to the flagellar system, a series of mutants with fusions of flagellar genes (fla, mot, and hag) to the lacZ gene was constructed and the localization of P-galactosidase activity (normally a cytoplasmic enzyme [4] ) in these mutants was examined.
Mutants containing fusions of flagellar genes with the lacZ gene were isolated by insertion of Mu dII301 (Apr lac) bacteriophage, obtained from M. Casadaban (3), into the E. coli chromosome. After infection of strain YK410 (AlacZ) by the phage at a multiplicity of infection of 1, fusion mutants were identified as nonswarming Lac' and Apr mutants, and the defects in their flagellar genes were mapped as described previously (12) . The mutant cells, grown in L broth, were sonicated, and the resultant extracts were fractionated into envelope and soluble components by the method of Silhavy et al. (19) . They were also fractionated into membrane, periplasmic, and cytoplasmic components by the method of Homma et al. (9) . P-Galactosidase activity in each fraction was measured by the method of Miller (16) . Table 1 lists the fusion mutants isolated in this study.
Initially, operon fusion mutants isolated in a previous study (12) were examined. These mutants carry transcriptional fusions and, hence, have intact 3-galactosidase, the activity of which is localized almost entirely in the cytoplasm ( Table 2 ). The MotA and MotB proteins, which are responsible for flagellar rotation, are located in vivo in the inner membrane of E. coli (5, 20) . Consistent with this earlier result, the ,-galactosidase activity in mutants with mot-lacZ gene fusions was localized predominantly in the envelope fraction ( Table 2 ). The nucleotide sequences of the motA and motB genes have been determined, and it has been suggested that the gene products have anchoring regions which lie within the cell membrane (5, 20) . The data in Table 2 clearly distinguish between soluble and envelope-associated 13-galactosidase activities.
Next, fusion mutants carrying the hook structure but lacking the filament (14) were examined. These mutants carried fused genes, with insertional mutations, within later operons in the flagellar morphogenetic pathway (12, 21) . They were treated with lysozyme, and the resulting spheroplasts were lysed with cold EDTA solution (9) . The supernatant fluid was used as the periplasmic fraction (9). Cytoplasmic and membrane fractions were separated after sonication (9) . All of this series of mutants were found to have 13-galactosidase activity in the cytoplasmic fraction (Table 3) . Table 4 lists the cellular locations of 1-galactosidase activity in the rest of the fusion mutants isolated, in which the Mu dII301 (Apr lac) sequence was inserted within the remaining regions I, II, and III (12, 14) offla genes. These mutants showed a range of distributions of enzymatic activity, from predominantly soluble to predominantly membrane associated.
Summarizing the results in Tables 2 through 4 , the following conclusions can be drawn. (i) The levels of 1-galactosidase activity in mutants from operon fusions and from protein fusions covered similar ranges. (ii) About 10% of normal ,-galactosidase (synthesized from an operon fusion) appeared in the envelope fraction, even though the enzyme should have been located entirely in the cytoplasm (Table 2) . Considering this figure of 10% as an indication of the level of cross-contamination in our isolation procedure, we saw that the mutants appeared to fall into the following three groups:
(i) mutants whose 1-galactosidase activity is localized mainly in the envelope fraction, namely, motA, motB, flaA4850, and some flaB fusions; (ii) mutants whose activity is localized in both the soluble and envelope fractions, namely, some flaB, flaM, and fla U fusions; and (iii) mutants whose activity is localized exclusively in the soluble fraction. This class was the major fraction infla-lac fusions. The mutants belonging to classes i and ii had a significant amount (15 to 20%) of ,B-galactosidase activity localized in the periplasmic fraction. Since the flbB4331 operon fusion ( Table 2 ) had 5% of the activity in the periplasm, the figure of 15 to 20% is more than the amount caused by crosscontamination. Thus, clear differences are evident in the location of 1-galactosidase activity, as encoded by the genes which resulted from the various fusions. Since the promoterproximal part of the fla genes was connected to codon 8 of lacZ (in Mu dII301) (2), the information for the localization of the gene product should reside in this region of the gene. The following genes appear to carry information which directs their products toward the cell envelope: flaA, flaB, flaM, and flaU. Therefore, envelope fractions were fractionated into outer-and inner-membrane fractions by the method of Osbom et al. (18) . Although the mutant which contained the flaB4858-lacZ fusion had its ,B-galactosidase activity localized exclusively in the inner membrane, the mutants with flaA4850-lacZ, flaMS053-lacZ, and flaU4849-lacZ fusions had some activity in their outer membranes as well (Fig. 1) . In earlier work (6), flagellar proteins were shown to have a tendency to make aggregates. Thus, the Fla-LacZ fusion proteins might make sedimentable products in a sucrose gradient because of aggregation. According to the profile of the activity of the 1-galactosidase, however, the bands in a gradient were discrete, and larger aggregates that pelleted to the bottom of the tube were not detected. Table  5 summarizes these data for the mutants which carry these fused genes. The reason for lower recovery of the activity (Table 5 ) is unknown. Since loss by aggregate formation is less likely, dissociation and degradation of the materials may be possible during centrifugation.
The products of some of the fla genes from E. coli have been assigned to the various components of the flagellar basal body. The product offlaY was assigned to the L ring, that offlaM was assigned to the P ring, and that offlaBI was assigned to the M ring (this last assignment is based on work with S. typhimurium) (7, 11) . The localization of the gene products is tentatively given as follows: the L ring in the outer membrane, the P ring in the peptidoglycan layer, and the S and M rings in the cytoplasmic membrane (11, 14) . The flagellar filaments and hooks are external to the cellular envelope. In the flagellar systemn, there are at least three a As in Table 2 . 1X0 typhimurium flaVIllI and flaFIX (E. coli flaY and flaM, respectively) (9, 10) . In the present study, somefla-lacZ and mot-lacZ fusions generated ,B-galactosidase which was localized in the envelope fraction. Thus, the following fusions were shown to generate a significant amount of ,B-galactosidase in the envelope fraction: flaA4850, flaB, flaM, flaU4849, motA, and motB. Consistent with the location of products of the mot genes, fusions with the mot genes resulted in ,B-galactosidase in the cellular envelope. None of the mutants with hag-lacZ fusions synthesized P-galactosidase which was localized in the envelope fraction. The The activity of ,3-galactosidase in these mutants is localized mainly in the cytoplasmic fraction but is also localized significantly in the periplasmic fraction.
According to the results shown in Table 4 , the flaA and flaB mutants were tentatively divided into two groups. Group 1 mutants in flaA or flaB have more cell envelopeassociated P-galactosidase activity than those in group 2 and may correspond to the flaAI, or flaAII or flaBI, flaBI-I, or flaBIll mutants identified by Kuo and Koshland or Bartlett and Matsumura, respectively (1, 13) . This correspondence requires further detailed study. Final conclusions must await the identification of whatever fraction of the flagellar genes is incorporated into the fused genes. If the flaB mutants belonging to group 1 correspond to theflaBI defect, theflaBI gene may well encode a constituent protein of the M ring, which is associated with inner membrane.
By analogy with the above results, since the flaU4849-lacZ mutant had a significant amount of cell envelopeassociated P-galactosidase activity, theflaU gene product is probably associated with the inner membrane, as proposed in an earlier study by electron microscopy (21). This work was supported in part by a grant-in-aid for scientific research from the Japanese Ministry of Education, Science, and Culture.
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